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^S-^H £^ ^ i^fl {NONLINEAR OPTICAL MATERIAL WITH 

DENDRITIC SKELETON} 

7 }6\) #7]^^* l_fEl-vfl^ ZLSfl^. 

cfltb ^7l^-S}-7ll^^ ^£(80°C)^1 n}^. <LM^* M-Ef^^ neflH. 

Cfltb ^71^-^-^^^ -&5L(100°C)^1 ^ <?>^# H-^vfl^ ZLEflH. 

^l = &l^(dendrimer)^ ^7}*\ ^Bfl<2} ^cfl ^ 
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^^Hr tfl^-fr o] = J7, «-^>^ -g- i7 f #3-7>3. ^ 

# XI tf. ^1 = ^^ sl-^-l-^r 1978^ ^1^-1- -f-(Buhleier,E; Wehner.W; 

Vogtle.F., Synthesis 1978 155)°fl S]*H ^\3^S. #^-*fl7> 
^€ 1980V1 ^ S^2l«>KTomalia, D.A.) ^*fl €-1=3^ 

^T=f(Polym.J.1985 17, 117-132; Macromolecules 1986 20, 1164). 

2:* ^ SJ^-clKAldrichim. Acta 1993 26, 90; J. Am. Chem. Soc. 1990 

112, 7638; J. Am. Chem. Soc. 1992 114, 1018), <fflS.eH ^52] 7}£oll 

^ A o v ii, DNA5+ #^ Hl^-tb ^S* 7}*1 

7l nfl^-ofl o^fi) o^^Lofl 5]<H#cf. SE*V ZL ipj ^-S 

#4- ^e<?31 o}^* ^-R-tt X^fl ^-g- *>J1 oflEfls oj-nj-ojc ^ 

o. s ^ ^-Hjj^ ^ ^xJ-^Tg- ^^3t>ji^ ol-g-^j7 ^icf(Angew. Chem. 

Int. Ed. Engl. 1994 33, 1739). 
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£^-^91$} ^(J. Am. Chem. Soc. 1997 119 , 2588HH- "fl 

^l^^HCChem. Rev. 1999.99,1689) . -B"7l 0]^.= 

-H SWj. Am. Chem. Soc. 1996 118, 5326; J. Am. Chem. Soc. 1994 116, 
4537). 

°m°fl #^"3 <ffl = 5H #^^^J£ ^sj^l tfl 

(Macromolecules 1990 23, 912; Adv. Mater. 1996 8, 494). 

tb^, %n S.o)^ 7>£o)l J7-g-7> nfl^ofl o_7l 

^ *4h8: ^tr ^flCChem. Mater. 1999, 11, 1966)^ ZL£-7> nfl;g ^-«-^|. 

^<HM-7l trfl^-ofl A>-g-cHl *>7j]l- M-Ef^Cf. o}6\] a] Sfl a]*]^^: 

-fM #£-*V» Jl^-^ ^ilJL*] Jl^>^ 7}^ ^3) ^-^-1; ^ ^ 

*\<LsL ^^7]^ Jl^Vl" 7m*}<^ <^ -§--§- -g-o)ofl*| o] 

1- oj-g-tfl JiJl*}- <3^-7> ^£}JL SWUS 5,659,010; US 5,496,899; 
US6,001,958; J. Am. Chem. Soc. 2000, 122, 3174; Thin Solid Films 1998, 
331, 248). i-g-*}^ ^ wl^l^^-i- ^ ^ 
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AV-g-^Hl^ m]m^ o]^JL :n£-*>£) 

^-§r°l #i=Rr 9X^. -S^l-^ f^o] s]^ jl^H ^ 

^T-§-°fl %^ *Rr ^B^l olo.q- , |7MS ^#01 

^JLS.*) ^lofl SaoH^ WlJH^ O-^*}- f^f 5>7l] ^4. 

^ 4^ Jf-^ ^^ 4, ojl^- 3.3 3). 

^ f^Kr ^"^S)J7 oicf(Appl. Phys. Lett. 2000, 77(24), 3881), 
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J7.-g-7> 'g-cfofl o. 7 )^-Afl^ol ^ ^fl* 

<14> ^<H]*| A>-g-£]^ ^^9) Jl-g-*}^ ojj^EfljEl ^ i& 

^ ^Efls ^jOg_ o)3=Lo]x\ ^ °}^is}JL, ^^9] £-7} ^ofl 

*H"M 0H7> ^£5. Jl^- §£S]oi -fM^J^J?}- ^ cfl 

.n£-*Rr ^4<£^ ^o)i cq-e^- l^o^ ^o]^ 6^\M$] ^-s* 7>^ 

<15> ols^V fesH =?-^ £-7> ^6)1 -ff-7l^-^^-ol Tj^-^o] ol^ 

<16> 
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<17> (#7] a 1°*H, R, R'fe H, Ph S^r M7l(^4i^ 1~6)# 

1-113] 3*r* M-EfuH^; B^r ^^71 (^-^ 1-6) 21 COO-^ 7) ( 
1-6)1- H-^cf.) 

<18> ^-E-ilH ^-S-o) jl**} rgi£6\] o)B\-sV # 7 ] m 6\] 7 $X\Q cfoj:^. 0.7}^ 

<19> ^-^o) j7«-7> ^X&S] ^oflif -R-71^^: Cfl>0 Ul^xH^-ol ^ 

=I<H «>^§>cf. 

<20> o]t\ ^ofl 4= cfl^^H ^^S. ^ s^-§- # 



-S, ^1^71^1 0H ^ ^^ZL## A}-g-«H iL^H, W#(D ^ ^#(2)» 

^^1^14. °1 <^1 HS^l'di^^ DEADC^oll^ e}2iv]7}^ 

^l^)* ^-g-*}^ ol^^tL(Mitsuiiobu)ti]:-g-^ 5>1*]W:E ^ 
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<23> [tiV-§-^ 1] 



HO 




OH 



HOCH2CC13/H2S04 



C02CH2CC13 

HO -^\^^OH 
(1) 



C0 2 H 

PhCH 2 Br/K 2 C03 




O" "o 

CH 2 Ph CH 2 Ph 
(2) 



C0 2 CH 2 CClj 




(1) + (2) 



PPh>/DEAD PhCH 2 ' 



or DCC/DMAP-TsOH 




O O 




"CH 2 Ph 



PhCH 2 ' 



v CH 2 Ph 



Zn/CH 3 C0 2 H S> 
(3) THF ' TQ 



PhCH 2 




CH 2 Ph 



CH 2 Ph 



(4) 



ol^Al Sfl^]^ A>^>o] <5f7l 2*^^ ^1^- ^}<^ 

41-12 



1020030041480 #^ 2003/9/6 

^ *£^SL£. n$ #^o| S P3 ^-f , 1,1,1, "Bel *lS.4Sj-Al^| 

<25> 2] 




X- PhCH 2 (7) 
-H (8): Cl-3 

(5) or (7) „ (6) or (8) 

til-g-^ 1<>1H <£o]*\ ^#(1) ^ ^#(4)1- ol-§-^)-J7 Hl-o.^. tiV^].C^ 

*>7l al-g-^i 3<H1 M-Ef\+ ti}<2}- £oj ^-«Va1( 10 )^ s^^-J. ^s.^- - oit} 
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<27> [aV-g-Ai 3 j 



(4) + (1) 



PPbyTDEAD 



orDCC/DMAP-TsOH 



PheHjO^^^^OCHjPh 

O^OM T 
1 O^S) 



PhCH 2 0^^^ o o< ^^.OCH 2 Ph 



OCH 2 Ph 



OCH 2 Ph 

M = CH 2 CCl 3 (9) 
= H (10) 



Zn/CH 3 C0 2 H 
(9) THF 



OCH 2 Ph 



<28> 030^ 5f^(10)^ <#7] 2<HH^ ^-gr aV-g-Jl}- ^} 

^ Si" ^"#(12) ^ 2}-t]-#(14)l- ^12:^- ^ 



<29> [tijo-^l 4a ] 



OH 




PPtyDEAD 



(4)+ K~3L or DCC/DMAP-TsOH 



G = OCH 2 Ph (11) 

= H (12):G2-2 
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<30> [tiV-g-^i 4b] 



(4) + 



PPhyDEAD 




GC> OG 



OO^ CO 




G = OCH 2 Ph (13 ) 

= H (14):G2-3 



<31> 



°J 3*-«(16) ^ W#(18)# ^ 



<32> 5a ] 



(10)- 



OH 




PPhyDEAD 
orDCC/DMAP-TsOH 



OH 




V" A. V 



OG 



G = OCH 2 Ph (15) 

= H (16):G3-2 



(15) 



10% Pd-C/ H 2 



(16) 
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<34> 



<35> 



<36> 



ill $J*H ^^71^- A>-g-^-a} cfl = SH -.^o] 5gigo] ^o-sq. 

SP3S1 ^Sf ^-f zj-zj- l,3,5-HS|*M.E.*M «31^]^- 1,1,1-^3*1 

ofl^*. A>-g-s}o^ ^>7l o>-§-^ 6°lHsl sJ-t}-^(21)-§- ^ & 
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<37> [«>-§- ai 6 ] 



CH 2 OH 

6 




HCT ^OH 



CHjOH 



PhCH 2 Br/K 2 C03 
Bi^NBr, Oh All ^ 




1 ; 

CH 2 Ph CH 2 Ph 
(19) 



OH 



(19) 




• JO 



OG 



OG 



PPh 3 /DEAD 



GO 



HO" "OH 




(20) "MPd-C,H 2 ^ (21) 



GO" "OG 



G = CH 2 Ph (20) 

= H (21):G1-1 



<38> oj^i o-a}^ ^ o_£_ f>} 7 ] tiV-g-^ 734 £o| 2^] rfl *fl£LEH ^S<y 



<39> [tiV-g-^] 7] 



(21) + (19) 



PPh3/DEAD 




(22) 10%Pd-C,H 2> 



(23) 



G = CH 2 Ph (22) 

= H (23) : G2-1 
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<40> el:?:, ?>\7) «>-§-^ 8a «>-g-^ 8b «H| M-Bf^ «>«q- ^-o) 3^#(25) ^ S)- 

^#(27)# ^ $X^. 



<41> [tiV-g-A] g a ] 



(19) 




PPhj/DEAD 



(24) 10HM-C „ (25) 




Q 





G = CH 2 Ph (24) 

= H (25):Gl-4 



<42> [tiV-g-Al 8b] 



(19) + (25) PP^/DEAD 



(26) 



10%Pd-C 



GO. ^.OG 



o: 



GO ^-s. OG 




H 2 



(27) 





G=CH 2 Ph (26) 

= H (27):G2-4 
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sat)-. ^ ^ft # 5t7>*l* *>7l 28 vfl^l S^ai 31^ q. 

<44> [3^-«H 28] 




(29) : G4-2 
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<46> [s}-*}-^ 30] 

HOH o ] 



on I 



no co-o 
ho 0 oc 

of 



,0 

r 




1 A jOl 

'-4 




(30) : G4-3 



<47> 31] 





CH 

(31):G3-4 



<48> 



t<EH] 0H7} ^ Jl^T- -g-i^-JL 9X£-**\ , ^7)9) S. 1<H] 7fl A] 5] 
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$:%n<L£. *g<5}-^-°4, 3.5L4S.ZLefl4» -f-^H 

91 <a*l*Rr 1$ £H1 ^^§r ^91*}%^. 

<50> (^^M 1) 

<si> 3,5-4 15. 9g) s}- l,l,l-Hel#S.S.<Hl^(18g)# lg4 
A oM #-g-^ loflA^ ^l-(i)^- ^sV^cf. tb^, 3,5-4*1^-^1^2:^ 

(2)1- ^*>^4. °1^tii *h ^4 ^#(i) * (2)3) zj-z]-§. 

2.86g, 7.02g* 5.8g^ H2}Bj)^i^.§- t^*t ^ EflB^lHS ^ 60m M] 
^f<>l:n 0rofl>H DEADCdiethyl azodicarboxylate) 3.5ml# &&*\ $7>*H 
A 1^4. ^ 1*1# #£r°lH J2«]r*> ^ iit 2/3^5. 7><y- ^ 
#ofl ^^B} s}-th#(3)# ^534. ^^^1 #€(6.6g)* ^ 3«fl 

tg-^o] o>c^ 7 >^-sq- 4*fl H^V- Efl H 4^1 ^-5- ^ ^ ( 30m 1 -30m 1 ) <H1 ^91 ^ 
3 211- 18^1 # 
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S«V^l-^cf. oj* -*f-fi-#^r ^l^^Jl oH^Ml^oljEoil i,o] * -.^ 

***| ^Jl -2:^ ^ ^ v ^#(4)» <2&^. 

<52> S^#(4)sl NMR 3H^» *>7H M-Bfiflglt).. 

<53> iH-nmr (400MHz! -g-nfl :DMS0-d6; 6 ppm) 7.80(s, 2H), 7.65(s, 1H) , 

7.47-7.30(m, 24H) , 7.06(s, 2H), 5.15(s, 8H, benzyl), 3.39(br, 1H, -OH). 

<54> 13 C-nmr (-§-*fl: DMS0-d6; 5 ppm) 165.77, 163.91, 159.65, 151.02, 136.59, 

133.17, 130.49, 128.50, 127.99, 127.69, 120.59, 120.44, 108.70, 107.82, 
69.72. 

<55> (-*Mofl 2) 

<56> ^ofl Sj-^-#(2)^ ^#(4)* ^ 3.6 #1*H 

1^5^:4 #^K4 a>-§.oll <£<H^1 J1^1^-#(DPTS) 1.5^4 

^H#5. ^]^?> = J±^olo] c_(DCC) 3.6^-^=1- S^HH oj-^S -g-ojjofl 

3t>$ ^ #£r°lH e)= 29J^> ^^H^. ^€ ^4^1^ 
*\}7]*}JL o>Afl§^. 2/3 ^51 4# ^m-Sr^l <g<H^3 *oMl*]-£4. ' 

# ^7j-*Vjl ^A]- 3«o V -i"* ^7>tb ^ 10%Pd"CS ^TflWlS. 5%7}*& ^7>S>^Cf. 
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< 57 > ^s.^ s}-^-§-(8) ^ ^#(14)^1 cflolBl* ^V^l ofl q-Efiflojcf. 
<58> 51-^(8): lH-nmr (400MHz ; : <>Hm-d6; 8ppm) 8.75(s, 6H, OH), 

7.25(m, 12H), 7.16(s, 6H), 6.66(s, 3H), 3.23(s, 3H, CH 3 ). 

<59> 13 C-nmr (-g-*fl: aMl§-d6; 6ppm) 165.37, 159.61, 150.33, 147.22, 

132.29, 130.40, 122.14, 109.08, 108.63, 52.46, 31.05. 
<eo> s}--t-i-(14): ^-nmr (400MHz; : DMS0-d6; 6ppm) 9.79(s, 12H, OH), 

7.96(s, 6H), 7.72(s, 3H) , 7.32(d, 6H, J=8.7Hz), 7.21(d, 6H, J=8.7Hz), 

7.02(s, 12H), 6.56(s, 6H), 2.35(s, 3H, CH 3 ) . 

<61> 13 C-nmr (-g-nfl: DMS0-d6; 6ppm) 164.40, 163.21, 158.82, 151.46, 148.76, 

146.41, 131.25, 130.04, 129.51, 121.44, 121.07, 108.30, 107.95, 51.53, 
33.51. 



<62> (^aH13) 

<63> ^ iffl=SH ^^j^ AjAjofl 2 oflA^ ^#(8) 0.69g4 ^-71^- 

A^cfo.^ DAIDC(a 2°\ DA I DC °fl^, Btt CH 2 , R£r CH 3 , n^r 191 6.3^ 

(4.85g)* ^ EllH^l = S.^^(40mL)<Hl ^91 ^ ^ 8.4^ 
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3ffl 1 d^^^(2.12g)^- $7}& 4-5- DEAD(1.34mL)l- 2*]?} 30^- 1/4 

^1^4. *7l £S*V ^ tfA] EilHe^l-E-Sff^H 12% ^7l]uls 

. I^r^ ^=-£ Sj-^S(34)» 32^4. °1 &i *V al-g-^ ti>-g- 

^ 1H 4^^4. Stb ^°-3- al-g-^ 9 ^ ti_V-§-Ai io# 

-§-*H ^lr(32) £ ^-^-#(33)* ^^^cf. 

<64> [WV^-Al 9] 




+ DAI DC 104 



PPtfr/DEAD 
THF 




(32) TDAIDC104 
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<65> 10] 



Gl-4(25) + AIDC 



PPV DEAD 



<66> 11] 



Gl-3 (8) + AIDC PPVDEAD 





OK 



P Q 

— N N— 



o 





(33) THPEDAIDC 



NC CN 

A 
v.. 



THF 




CO 

o 

¥ 






(34) Gl-3 AIDC 

<67> t}7)o\) ^#(34)^ ^ dH^-fr ufEf^^nf. 

<68> iH-nmr (400MHz; -g-*fl: CDC1 3 ; 6ppm) 7.36(m, 28H), 7.23-7. 10(m, 13H), 

6.99-6.95(m, 15H), 6.81-6.66(m, 49H), 6.54(s, 12H), 6.34(s, 6H), 4.95(s, 
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12H, -PhCH 2 -0), 4.11(br s, 24H, QCH2CH 2 N) , 3.77(br s, 24H, 0CH 2 CH?N) . 
3.05(s, 36H), 2.48(s, 24H), 2.38(s, 24H), 2.26(s, 3H), 1.00(s, 72H). 

UV 4£t- : A max = 505nm(CHCl 3 ) 

-B-^^°l^r£(Tg, DSC1^)= 165°C 



<71> A] 6)|4) 

<72> ^t^JELeH *l^*l)3>1 ^Alofl 2^ ^% S^#(14) 0.505g-4 ^-7lf 

DAIDCCS. 2^ DAIDC^l^l Bfe CH 2 , R^r CH 3 , n£r 1^1 3) 13.2#^(3.5g)^§- 
-r-^ jBS^?H30mL HI ^91 ^ ^± 14.4^-^ Be) 

5ll^i^(1.25g)^: $7H!: 4-§- DEAD(0.77mL)-=r 8*1 30£- #3-2-3. 1/4 

*l^i=K #3:^ ^ cJ-a] EflHej-^l^S^^ofl 12% ^-7flw]S 

. ^€ *>7l ti>-§-^ 14^ 5j-^-§-(37)-i- #* #2:SH A>-§-^> 

534. ^-A>f_V aj-^^- A>-g-^>c^ §>7l aV-i-A] 12 tiV-g-Ai 13 6j| ^ (35) 
^ ^#(36)* 
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<75> [tfbg-^l 14] 



G2-3 (14>- DAIDC 



PPh 3 / DEAD 
THF 



(37) G2-3 DAIDC 




'^Kx V ^ j* 




o V 1 





(37) G2-3 DAIDC 



<76> 



<77> 



<78> 



cfl^lBl* §>7lofl v+Bj-lflacf. 

iH-nmr (400MHz; -g-nfl : CDC1 3 ; 6ppm) 7.91-7.25(m, 56H), 7.23-7. 10(m, 
15H), 6.99-6.93(m, 24H), 6.81-6.53(m, 99H) , 6.54(m, 25H), 6.33(s, 24H), 
4.95(s, 24H, -PhCH 2 -0), 4.09(br s, 48H, QCH2CH2N) , 3.75(br s, 48H, OCH9CH? 
N), 3.08(s, 72H), 2.53-2. 18(m, 99H), 0.99(s, 144H). 
UV ^ ^H^: Amax = 505nm(CHCl 3 ) 



<79> 



^fs^°l^-£(Tg, DSC1 145°C 



<80> 



(^*H1 5) 
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<81> 4>7) ^Ajofl 3 ^ ^Al^ 40^ cflc^^ 7 J- lg o. 

^ 15*3^%^ ^>#7l ^*fl 1 ,2 ,3-Hsl -g-°fl(20gH 10*1 

3" ^°J: ^£r*l ^<%A. Q W °1 0.2/zm^ cf^-^ <^#(PTFE)-|- 

(600rpm/20sec)^r *}JL <>]§ 150°C ^SHM 10*1 # ^S^H ot 2 vfl*l 3^1 

J=L ^rxg. ^^O.^ °1 3.-^3 SAH>7l #7l#Hj- 
<82> [& 2] 









Tp 


E0-^1^, r 3 3(pm/V) 


t^UlDC) 
% 










TDAIDC104 


150V/Aan 




-^M3 


(32) 


TDAIDC104 


133 "C 


26.6 


36.2 


76 




(33) 


THPEDAIDC 


165 t: 


19.6 


28.0 


78 




(34) 


Gl-3 AIDC 
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